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Abstract 
Metallic-yielding type of dampers is one of the oldest and most widely used passive energy dissipation devices to 
decrease dynamic response of buildings subjected to strong ground motions. These devices utilize the yielding of 
mild-steel plates, like Added Damping and Stiffness (ADAS) elements. The proper selection of design parameters of 
these devices has an important effect on the structural inelastic behavior. One of these parameters is ratio of the 
bracing member stiffness to the damper devise stiffness (B/D). Previous studies recommended that a B/D ratio of 
about 2 be used for the design of the ADAS elements in all stories of the buildings. In this paper, it is shown that 
using a fixed amount of B/D ratio for all stories may not lead to the uniform distribution of ductility. Therefore, the 
employment of such a B/D distribution does not guarantee the optimum use of dampers in the nonlinear range of 
behavior. Here, a method based on the concept of uniform distribution of deformation is implemented to optimize the 
dynamic response of building frames with bracing members and ADAS devices subjected to several strong ground 
motion records considering non-fixed B/D ratio in different stories. The results of nonlinear dynamic analyses for 
several buildings with different heights show that a B/D ratio more than 2 is needed in the upper stories, whereas a 
ratio less than 2 is needed in the lower stories for optimum dynamic behavior of the building. 
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1. INTRODUCTION 
The aim of including metallic seismic energy absorbing devices in a structure is to take advantage of 
the hysteresis of metals to dissipate seismic input energy in specially designed and detailed regions of a 
structure and to avoid inelastic behavior in the primary gravity load-resisting elements. Several different 
devices made from mild-steel have been developed and extensively tested in the past four decades (Kelly 
et al. 1972). One of the well-known devices of this type is the Added Damping and Stiffness (ADAS) 
elements that are designed to dissipate energy through flexural yielding deformation of mild-steel plates 
(Whittaker et al. 1989). 
The device is an assemblage of multiple X-shaped mild steel plates configured in parallel and designed 
for installation in a building frame such that the relative story drift causes the top of the device to move 
horizontally relative to the bottom, as shown in Figures 1 and 2. By yielding a large volume of steel, the 
ADAS device can dissipate substantial energy during an earthquake. The ADAS devices can be easily 
replaced after an earthquake, if necessary. 
The mechanical characteristics of ADAS devices were investigated by a number of researchers 
(Whittaker et al. 1989; Su and Hanson 1990). The tests at the University of California at Berkeley showed 
that ADAS elements can safely be designed for displacement range up to above 10ǻy (Aiken et al. 1993); 
where, ǻy is the yield displacement of devices. 
The proper selection of design parameters of yielding steel devices has an important effect on the 
structural inelastic behavior. One of these parameters is ratio of the bracing member stiffness to the 
damper devise stiffness (B/D). Considering the cost of bracing members and yielding the ADAS devices 
without buckling or yielding of bracing members, it has been recommended that a B/D ratio of about 2 be 
used for the design of the ADAS elements in all stories of the buildings (Xia and Hanson 1992). 
The objective of this research is to study of the influence of non-fixed B/D ratio in different stories of 
simple frame buildings. This paper focuses on ADAS dampers, but its results could be applicable to other 
metallic-yielding dampers. 
Figure 1: X-shaped ADAS device   Figure 2: Typical building frame with ADAS element 
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2. CONCEPT OF UNIFORM DISTRIBUTION OF DEFORMATION 
Current studies indicate that during strong earthquakes the deformation demand in structures designed 
conventionally does not vary uniformly (Chopra 2001; Moghaddam et al. 2005). Therefore, it can be 
concluded that in some parts of the structure, the deformation demand does not reach the allowable level 
of seismic capacity. Hence, the material is not fully exploited along the building height. Our numerical 
results presented in the next sections show that this issue is also true for building frames with ADAS 
elements and fixed B/D ratio in different stories. 
3. MODELING AND ASSUMPTIONS 
The steel frames used in this study are 5-story and 10-story simple frames with V-shaped bracings and 
ADAS devices as shown in Figure 3. Beams, columns and braces of the models were designed in 
accordance with AISC-ASD 2005 so that there was not any over-strength in the elements of the models. 
For nonlinear time history analyses, computer program SAP2000 was used to predict the frame responses. 
The Rayleigh damping is adopted with a constant damping ratio of 0.05. 
It was assumed that all elements remain elastic and behave linearly except ADAS devices. The 
nonlinear behavior of the ADAS devices was modeled with a bilinear elastoplastic shear spring with 
kinematic hardening and Wen plasticity in SAP2000. The mechanical properties of ADAS devices were 
adopted from Whittaker et al. 1988. At first, in all stories of the designed frames a previously 
recommended B/D ratio of 2 was used for the design of the ADAS devices. This ratio will be changed in 
the optimization procedure. 
Nonlinear dynamic analyses were performed on the models subjected to selected ground motions time 
histories. The selected ground motions have different frequency contents and intensities. These are the 
1979 Imperial Valley, 1992 Cape Mendocino and 1994 Northridge earthquakes. The peak ground 
acceleration (PGA) for the three earthquakes are 0.44 g, 0.66 g and 0.59 g, respectively. All earthquake 
records scaled to the same PGA of 0.35g. The pseudo-acceleration response spectra for 5% of critical 
damping are shown in Figure 4. 
 
Figure 3: Typical geometry of frame models used in this study 
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Figure 4: Response spectra of scaled ground motions 
Yield displacement of the ADAS dampers was selected so that the average of the stories ductility of 
each model under different earthquakes would be a fixed amount. In this paper a target ductility demand 
equal to 5 was used. Therefore, the yield displacements of dampers in each building model under 
different earthquakes are various and they are presented in Table 1. Having the stiffness of each damper 
from the B/D ratio equal to 2 and its yield displacement, one can obtain the geometrical properties of the 
ADAS devices from the relations presented by Whittaker et al. 1989. 
Table 1: Yield displacements of the dampers used in this study (cm) 
 Imperial Valley
Cape 
Mendocino 
Northridge 
5-story building 0.27 0.25 0.24 
10-story building 0.17 0.23 0.22 
4. OPTIMIZATION PROCEDURE 
The concept of uniform distribution of deformation can be employed for evaluation of optimum 
distribution of dampers stiffness and thus B/D ratio for a steel building with ADAS dampers. To 
accomplish this, an iterative optimization procedure has been adopted (Moghaddam et al. 2005). In this 
approach, the structural properties are modified so that inefficient material is gradually shifted from 
strong to weak areas of a structure. In this study, the stiffnesses and the strengths of the ADAS devices 
are the parameters that are modified in the optimization procedure. Bracing stiffness and strength remain 
unchanged during the procedure. This process is continued until a state of uniform deformation is 
achieved. At this stage, the stiffness distribution pattern of dampers is considered as practically optimum. 
The optimization procedure is as follows: 
1) A nonlinear time history analysis under the given earthquake excitation is carried out for the 
initially designed structure with B/D ratio equal to 2 in all stories. The peak values of shear story drifts, 
(ǻsh)i , and the average of those values, (ǻavg) are determined. Consequently, the coefficient of variation 
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of shear story drifts (COV) is calculated according to equation (1). If COV is small enough, distribution of 
ADAS stiffness in each story can be considered as practically optimum. 
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In which, (Sb)i is the stiffness of the ADAS devices at ith story, n denotes the step number. Į is the 
convergence coefficient from 0 to 1. The recommended value of Į is equal to 0.2 (Moghaddam et al. 
2005). 
3) Stiffnesses of ADAS devices are scaled so that the total stiffnesses and thus the total weight of 
ADAS devices remain constant. 
4) It has to be checked that the displacement of each ADAS device do not surpass 10ǻy and all the 
bracings remain elastic. ǻy is the yield displacement of the device. If these conditions are not satisfied, the 
procedure will be stopped. 
5) Using these modified stiffnesses, the procedure is repeated. This procedure is iterated until COV 
becomes small enough and a state of rather uniform story drift prevails. 
5. DISCUSSION OF THE RESULTS 
Optimum B/D distributions for 5-story and 10-story buildings under three different earthquake 
excitations are shown in Figure 5. These distribution patterns are comparable with previously 
recommended B/D ratio equal to 2 for all stories. It is seen that in the optimum state a B/D ratio more than 
2 is needed in the upper stories, whereas a ratio less than 2 is needed in the lower stories. In Table 2 the 
COVs of initial step (B/D =2 for all stories) and optimum state for 5-story and 10-story buildings under 
different earthquakes are presented. It is seen that in all models the COV of initial step is large, related 
that the story drifts are not uniform; but after the optimization procedure the COV becomes small enough 
and a state of rather uniform story drift prevails. 
Table 2: Coefficient of variation of story drifts (COV) for initial (B/D=2) and optimum steps 
  
Imperial 
Valley 
Cape 
Mendocino 
Northridge 
5-story 
building 
B/D = 2 0.78 0.59 0.60 
Optimum 0.02 0.04 0.05 
10-story 
building 
B/D = 2 0.73 0.48 0.30 
Optimum 0.04 0.03 0.04 
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Figure 5: Optimum B/D distribution for 5-story and 10-story buildings under different earthquakes 
Figure 6 illustrates the shear story drift distribution for the initial model and optimum model of 10-
story building under Imperial Valley earthquake. As is shown there, shear story drifts in the optimum 
state have become remarkably uniform and the maximum shear story drift has been decreased from 2.4 to 
1.3 cm. 
Using the optimization procedure, behavior of the dampers is improved. For example, Figure 7 shows 
the hysteretic responses of the dampers of the first and the top stories in 10-story building under Imperial 
Valley earthquake. It is seen that the damper of the top story remains elastic and thus do not participate in 
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energy dissipation, but the first story damper has very large plastic displacement and it is at the threshold 
of failure. Figure 8 shows that after optimization procedure, both of the dampers have several hysteretic 
loops with acceptable plastic deformations. 
1
2
3
4
5
6
7
8
9
10
0 0.5 1 1.5 2 2.5 3
Shear Story Drifts (cm)
St
or
y 
N
um
be
r
initial design (B/D=2)
Optimum
 
Figure 6: Shear story drifts of 10-story building under Imperial Valley earthquake for initial design and optimum state 
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Figure 7: Hysteretic responses of the dampers in 10-story building under Imperial Valley earthquake for initial design 
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Figure 8: Hysteretic responses of the dampers in 10-story building under Imperial Valley earthquake for optimum state 
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6. CONCLUSIONS 
Optimum distribution of the ratio of the bracing member stiffness to the damper devise stiffness (B/D) 
in the steel frame buildings with V-shaped bracings and ADAS dampers was investigated. For this 
purpose, two models of 5-story and 10-story buildings under three different earthquakes were analyzed in 
SAP2000 finite element program. At first, in all stories of the designed frames a previously recommended 
B/D ratio of 2 was used for the design of the ADAS devices. This ratio would be changed in the 
optimization procedure based on the concept of uniform distribution of deformation. 
The results shows that in the optimum state a B/D ratio more than 2 is needed in the upper stories, 
whereas a ratio less than 2 is needed in the lower stories. Story drifts in the optimum state have become 
remarkably uniform and the maximum shear story drift has been decreased in all models. Also, behavior 
of the dampers is improved after optimization procedure, that is, all the dampers participate in energy 
dissipation with acceptable plastic deformations. 
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